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NUMER I CALLY CONTROLLED METHOD 

NUMERICAL CONTROL METHOD 
INCLUDING INSERTING TIME VARIABLE INTO SPATIAL POLYNOMIAL 
FOR CONTROLLING OBJECT MOTION 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a numerically controlled method capable of machining 
eft along a curved face afi^or the like^ at high accuracy. 

[0002] FIG. 7 is a typical view fe^-showing a conventional servo control. Whe ftin this 
example, servo control of each axis is performed on each axis using three dimensional 
spatial position comm a nd, commands. Such a conventional servo control 60 tecan be 
used , e.g., for a laser beam machine afi4 ^apparatus. A machining eente rcentral 
control makes afhaxis command producing commands, causing portion 50 to produce 
the-moving command conc e rn i ng each contro l axis commands as necessary for 
r e a li z i ng each control axis. The commands move the controlled apparatus so as to 
comply with spatial position command and velocity command instnjcted b v commands 
according to a machining program on th e basis of th e spat i al posit i on command and 
th e v el oc i ty command . 

[0003] The moving command concerning each axis^ produced in this way^ is output to a 
corresponding axis control portion , and th e The axis control portion drives a motor on 
the basis of the moving command. At thi sthe same time, feedback control is executed 
ef^ a, using position, velocity and acceleration of the motor e v e ry samp li ng tim e so as 
inputs to compute proper velocity and proper acceleration of the moto r for each 
successive sampling time . 

[0004] In such a method of d e t e rm i ning w herein a control parameter, such as velocityr 
aB4or acceleration, b vis determined based on feedback,-but the control parameter is 
computed on the basis of such a st a t e that a n ax i s i s a l r e adv out o f the sampled 
difference from a target i ftvalue during a sampling time. Therefore, the control axis to 
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be controlled by the control parameter is not controlled on the basis of the 
instantaneous state of the control axis in a prosont t i m e, but on the basis of the state of 
the control axis befofeasof a predetermined earlier sampling timerthef K. There is a 
delay gonoratos concorning in the control. When machining is executed at high feeding 
speed-O F, or when progrannminq requires the tool locus sudd e n l y curved is 
proqramm e d to execute a sharp curve , errors accumu l atos accumulate owing to 
control delay. Th e n, i t is It can become difficult to control the tool properlv-GentFol. In 
the servo control 60 as shown in FIG. 7, for instance, tt=^e-spatial position 
command commands PC which i s that define a track in a working space wh e r e in alonq 
which a tool moves (a^three dimensional space), and the-velocity command commands 
VC. are given to thean individual axis command producing portion 50 (in this cas e .t he 
example, a velocity override command OC also mav be given to the individual axis 
command producing portion 50). Receiving these commands PC, VC, the individual 
axis command producing portion 50 produces thea position command Dn for every 
sampling time s d e terminod , which determine values including acceleration and 
deceleration concerninq f or adiustinq each controlled axis Sn (n=1 , 2, . . . , 5) to b e 
contro l led . 

[0005] An axis control portion 51 of each axis Sn produces the velocity command and 
the acceleration command (or power command) necessary for servo control from the 
position command Dn of the axis Sn, and executes axis servo control through a power 
control portion 56 for controlling electric power o fapplied to a motor M 
conoern i ng associated with the axis Sn i n such a manner that pos i tion . Position 
control is performed on the basis of thea position command Dn i s performed bv applied 
to a position control loop 52 t52; velocity control on the basis o f th e v el oc i ty a velocity 
command is performed b v a ve l ocity a velocity loop 5^753; acceleration control on the 
basis of thean acceleration command is performed by an acceleration loop §§r -55, etc. 
These elements are parts of the control portion 51, and have control loop and 
feedback relationships as shown in FIG. 7. 
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[0006] But, th o control The controls of velocity and acceleration hashaye delay 
olo m e nt elements in this conventional servo control 60 s i nco BO- For each axis SN. the 
present velocity command and the-acceleration command in axis control portion 51 



contro l portion 51 of e ach ax i s Sn predetermined earlier time . In particular, an 
influence of the delay element is bigg e r can be large in executing spline interpolation 
to be e x e cut e d as m i cro d i v i s i on and the like, as compared to time subdivisions for 
straight line interpolation (or circular arc interpolation). Therefore, the in that case, 
movement of the working pointy which is thea composite movement o finvolving each 
axiSi is not smooth and includes irregularity. The control b e com e s to be on e i ncluding 
tFae kproduces a tracking error between the commanded track and the actual t rack of 
the working point. 

[0007] B e s i d e s, wh e n i d e al Furthermore, the obiect may be to control obj e ct 
wh e r e in along a nonlinear o l omont which tho machine of control obioct has i s track. If 
such an aspect has no t been specially considered, is controllod in th i s and the 
conventional control system is used to effect such a control , it is may be necessary 
to contro l conc e rn i ng deal with a sudden change of velocity and accelerationy-i f when 
following the spatial position command i s commands along thea track having biggeran 
abrupt curvature, as already mentioned conc e rninq w ith respect to spline interpolation 
or the like. In a conventional waycontrol, the velocity command and the acceleration 
command In thj sthe axis control portion 51 are producod determined from an error 
between the present position command o f and ideal position during the present 
sampling time i n th e ax i s control port i on 51, th e n interval. As a result sufficient control 
is impossible. Then, th e lhe error between the actual position and the command ideal 
position is made bigger. I n the resu l t, feeding irregular i ty which is integrat i on of th e 
acc ele rat i on and pos i t i on shift wh i ch is th e i nt e grat i on of th e f e ed i ng i rregular i ty 
g e n e rat e Feeding irregularities are generated and carried forward in the control 
response to new changes in position, integrated with the results of previous 
control moves. 



are produc e d based on 



the state of the control axis at this timo in axis 
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[0008] TheAn object of the present invention is to provide a nunnerically controlled 
method capable of reducing feeding irregularity or position shift and executing curved 
face machining at high accuracy, taking the above-mentioned circumstances into 
consideration. 

SUMMARY OF THE INVENTION 

[0009] Tt ^Accordinq to one aspect the invention of c l aim 1 i s numer i ca ll y 
contro lle d is a numerical control method offer moving an object to be controlled along 
a predetermined locus, controll i ng bv positioning the object relative to control axes, 
salctthe method comprising: 

[0010] making said locus approximate to a spatial polynomial; 

[001 1] converting said spatial polvnomial into a polynomial a ehaving a time function; 

[0012] distributing said polynomial^ converted a sto have the time function^ to sa i d each 
said control axis; 

[0013] producing a.control command in said each control axis on the basis of said 
polynomial^ distributed to said-each said axis a sand having said time function; and 

[0014] moving said object to be controlled along said locus, controlling each control axis 
on the basis of said control command. 

[001 5] Accord i ng to c l aim 1 J n this way, the velocity, the acceleration, the jerk of a top 
end of a torch (or a top e nd of a of some other object or tool) can fee-easily be 
obtained conc e rning as to each control axis without a sampling t ime dela v. This result 
is obtained by deriving thea polynomial for positioning of the locus, converted lnto_a 
time function. Each control axis is driven and controlled on the basis of the control 
parameter, such as the velocity and the acceleration obtained in this way. Therefore, 
the-preview control is made possible w herein the f uture mov i ng stat e motion of a«the 
object to be controlled i s for e saw and contro l i s e x e cut e d so a s to corr e spond w i th th e 
foresee i ng is poss i b le . By do i ng so can be foreseen. It is possible to control 
positioning movements in part based on foreseen future motion parameters. By 
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SO doing , it is possible to provide a num e r i ca ll y contro lle d numerical control method 
wherein the motion of the object to be controlled is oorr e ot l y more precisely controlled 
alefl ato follow the locus expressed by the polvnomial T- Any feeding irregularity or 
position shift Is reduced , and mach i n i ng . Machining along on curved face or the like 
can be executed at high accuracy. 

[0016] Tho invont i on of c l aim 2 i s tho A ccording to another aspect in a numerically 
controlled method wherein sa i d , the control command is produced on the basis of a 
position command on th e bas i s o f obtained at least partly from said polynomial 
converted as to contain a time function-ra. A velocity command can be obtained 
b vfrom the first d e riv i ng sa i d deriyative of the polynomial conv e rt e d as timea functiony 
afl4-a fi of time. An acceleration command can be o btained byfroma second der i v i ng 
saic kJerlyatlve of the polynomial convortod as timea function of time . 

[00171 Furthormoro, th e control command Control commands can be obtained by using 
thea polynomial having a_third or higher degree than third . Furthermore, third or 
higher deriyatiyes can be employed , such as thea jerk command obta i ned b v (from a 
third der i v i ng derlyatiye of the time- converted polynomial as th e tim e funct i on) . 

[001 8] The invont i on One aspect of claim 3 is tho numor i cal l v control l od t he numerical 
control method wherein sa i d ls to generate control command i s commands to be 
executed by computing a position and a_velocity at th e for a time in the f uture, 
providing a control input when said object to be controlled has not yet moved . This 
input is determined on the basis of said polynomial as containing a time function and 
command i ng affects control commands that are applied at a later time . 

[0019] According to c lai m 2 or c l a i m 3, the invention, position command commands . 
velocity command and commands, ierk comm a nd commands, etc, can be produced 
based on preyiewed or predicted positioning error, enabling control without a 
sampling t ime dela y, pr e v i ew contro l is possibl e . Ev e n in . It becomes easy to deal 
with even a case where the v elocity vector or acceleration vector is sudd e nly changed 
conoorn i ng each control axis as sudd e nly curved li ne, it i s oasv to d e a l with abruptly 
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changed for one or more of the control axes, for example when encountering a 
sudden sharp curve in a line to be followed by the object . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a block diagram fof-showing a control structure o ffor positioning 
control of a laser beam machine in th e pr e s e n t tool, as an exemplary embodiment; 

[0021] FIG. 2 is a tveiea lschematic block diagram view fef^showing a seweservo 
control; 

[0022] FIG. 3 is a v i ew for show i ng an e xterior of the l aser b e am mach i n e i n th e pres e nt 
embodiment; FIGS, 3a and 3b are perspective illustrations of aspects of laser 
beam machine tools, with different reference axes labeled: 

[0023] FIG. 4 is a flowchart fop-showing an example of mult i ax i s multi-axis control 
program (algorithm); 

[0024] FIG. 5 is a view for showing a process of producing command of each control 
axis concerning a curved line of two dimensional plane; 

[0025] FIG. 6 is a view for showing a process of producing command of each control 
axis concerning a curved line of two dimensional plane; and 

[0026] FIG. 7 is a typicalview for showing a conventional servo control. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0027] Embodiments of the present invention will now be explained h e r ei naft e r , referring 
to the drawings, 

[0028] FIG. 3 is a view for showing an of the exterior of a laser beam machine in the 
Pfesen tan exemplary embodiment. A laser beam machine 1 in tho or e sen t this 
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embodiment has a base 2^2 and a table 3 is provid e d on the base 2. the table being 
free to move and drive in a horizontal X axis direction, as shown in FIG. 3 (a). On the 
table 3, a workpiece W to be machined can be loeate dplaced . A column 5 is provided 
on the base 2, bridging over the table 3, and the column 5 has a saddle 6. be i ng S that 
is free to move and drive in a horizontal Y axis direction (thea direction orthogonal to 
the X axis direction). 

[0029] The saddle 6 has a head unit 7, which is free to move and drive in the Z axis 
direction (orthogonal to X and Y) which is the up and down direction in the 
orientation shown in the drawing . The head unit 7 Is comprised of a first portion 7a 
on the side of saddle 6 sid e , 6j, a second portion 7b , bo i ng that is free to rotate and 
drive in the A axis direction with respect to the first portion 7a with an axial center CT1 
of the first portion 7a parallel to the Z-axis as its center^-a, A third portion 7 c, b ei ngj s 
free to rotate and drive in B axis direction with respect to the second portion 7b with a 
horizontal axial center CT2 of the second portion 7b as its centerT^afl€l-a. A torch 7d 
provided on the top end side of the third portion 7c, as shown in FIG. 3 (b). Bos i dos, oA 
laser beam generating means (not shown) is provided b e ing fr ee and is operable to 
inject laser beam from the torch 7d. 

[0030] As mentioned before, the laser beam machine 1 performs three dimensional 
machining on the workpiece in such a manner that the relative positional 
felatie ftrelationship between the workpiece located on the table 33^ and the 
te &working end of the torch 7d^ is three-dimensionally changed T- This is 
accomplished bv driving and positioning the table 3 in the X axis direction, the saddle 
6 in the Y axis direction, the head unit 7 in the Z axis direction^ and rotationallv driving 
and positioning the torch 7d in the A axis direction and in the B axis direction-afi4i 
while injecting a laser beam is i njected f rom the torch 7d at the regulred times . 

[0031] FIG. 1 is a block diagram for showing a structur e the elements of_a control offer 
positioning the laser beam machine in the present embodiment. The laser beam 
machine 1 has a main control portion 20, as shown in FIG. 1. The main control portion 
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20 has a machining program memory portion 21, a polynomial generation computing 
portion 23, an individual axis command producing portion 26, an axis control portion 27, 
a power control portion 35 and the like. A servo control 25 is comprised of the individual 
axis command producing portion 26 and the axis control portion 27. 

[0032] The laser beam machine 1 Ig compr i Qod as l, containing the elements 
mentioned b e for e . Then , executes machining operations on the workpiece W w i th th e 
lasor boam machino 1 is oxocutod as follows. In advance, a worker composes a 
machining program PR by teach i ng (in this cos e , this mach i n i ng program PR may be 
compos e d w i th a CAD and a CAM). Th e programming operations, potentially with 
the assistance of CAD and CAM software, and stores the machining program PR 
compos e d is stored in the machining program memory portion 21 of the laser beam 
machine 1, as shown in FIG. 1. 

[0033] Aftor a command o fW hen a worker initiates machining bv operating a start is 
i nput by a worke r command . the main control portion 20 r e ads ou t accesses the 
machining program PR^ stored in the machining program memory portion 2^- m2^. On 
the basis of tl=ti sthe program PR and the start command,-afl4 the polynomial 
generation computing portion 23 produces a time parameter type polynomial P(t) 
e ftcorresponding to the basis of a spatial posit i on command PC for commanding 
moving position of th e torch spatial position commands PC that otherwise define the 
movement and relative positions of the torch over the workpiece. In addition to a 
spatial path with respect to the workpiece, a^ dthis produces a velocity command VC 
which is the moving velocity at th i s t i me which aro shown w hich the torch or other 
obiect is to progress along the moving locus defined In the machining program PR7 
that i s, on the basis of ro l ativo mov i ng l ocus of a tooL^ Subsequently, the individual axis 
command producing portion 26 produces commands, such as_a position command D1 , 
velocity command as, acceleration command ps and jerk command ys for relatively 
moving the torch 7d with respect to the workpiece on the table 3 on the basis of the time 
parameter type polynomial P(t) so as to provide a controlling output to the axis control 
portion 27 of each controlled axis. 
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[0034] FIG. 2 is a typical view for showing a servo control, and axes S1 . S2, S3, S4, S5 
respectively correspond to X axis, Y axis, Z axis, A axis and B axis. 

[0035] That is, from the spatial position comnnand PC for comnnanding that determines 
the relative moving position of the torch with respect to the workpiece when moving 
relative to the workpiece . and a velocity command VC which is the moving a velocity at 
th i s tim e during such movement, which are shown i n provided from the machining 
program PR, the polynomial generation computing portion 23 first produces a spatial 
polynomial ferthat approximately e xpr e ss i ng expresses the tool locus or path in^ 
space produc e d as defined by these stored commands, as shown in step S1 of 
mu l tiaxis multi-axis control program MAC of FIG. 4. This Generation of the spatial 
polynomial makes use of such a the known property that an opt i ona l arbitrarv line 
foptionallv a curved line (inc l ud i ng or a straight line) in a-space can be approximated by 
a polynomial, such as a^spline function or a^NURBS function^ after dividing the line into 
a plurality of line elements, as shown in FIG. 4. The following vector operation 
expression is obtained, for instance, as shown in expression (A1 ) of FIG. 4. That is, 

P(Y)=AY^+By2+CY+D (A1 ) 

[0036] By this polynomial, a straight line, an arc or the like can be correctly expressed in 
addition to a spline curved line. If the axes to be controlled feare three axes, that is, X, 
Y, and Z, for instance, the expression (A1 ) can be developed as shown in an expression 
(A2). 

[0037] Thef^ Next . the mutiax i s multi-axis control program MAC enters into step S2, 
wherein y of the spatial polynomial is expressed as function of time t as follows. 

y =a(t) (a is a function of t) 

t=moving distance/feeding velocity 
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[0038] The spatial polynomial (A1 ) is converted into the following expression by 
substituting y =a(t) 

P(a(t)) = A(a(t))^+B(a(t)) ^+C(a(t))+D (A3) 

[0039] Th e n, th i s in this way, the spatial polynomial defining the path of the tool is 

converted into a^time parameter type polynomial (A3). 

[0040] Th e n, th e lhe tool locus i nstructed or path defined by the machining program PR 
is thereby expressed by the as a time function which i s , such as the expression (A3). 
Thoroafto rA t a given time , an expression-fof representing a position of the tool can be 
obtained from the time parameter type polynomial (A3), an expression fof 
show i ng representing velocity I scan be obtained by differentiating the polynomial (A3} 
(that is, from the first derivative ), an expression for showing acceleration is obtained 
by differentiating the expression for showing representing the velocit y (the second 
derivative of polynomial (A3) , and furthermore, an expression for showing jerk is 
obtained by differentiating the expression for showing the acceleration . Such 
computations can be provided in step S3 of the mult i ax i s multi-axis control program 
MAC. These expressions are output to the individual axis command producing portion 
26, and the individual axis command producing portion 2 626, which can immediately 
obtain th enominal position, the-velocity, the-acceleration and the-ier k values, in 
objective sampling time and without a sampling time delay^ by substituting a 
predetermined sampling time i fivalue into the expression. 

[0041] That i s, th e A feedback control normally responds in a current interval an 
error in position or the like determined during by sampling during a previous 
interval. However, the nominal velocity,4he acceleration and the-jerk of the top end of 
the torch^ at an optiona l any arbitrary point in time^ can be e asi l y obtained easily 
according to the present invention without havif msuch dela y el e m e nt^ by 
differentiating the time parameter type polynomial , or spatial locus expressed by th eas 
a time function. Afte rAt least in part from the calculated information, the tool locus, 
that i s, th ea velocity command, thean acceleration command and thea jerk command 
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offor the top end of the torch afe can be obtained in this wavT-tl ^. The expressions fef 
showinq representinq the position, the-velocity, the-acceleration and-tl=fe jerk of the top 
end of the torch are distributed with respect to each control axis compr i sing defining the 
joint space, using inverse kinematics and inverse Jacobian or the like at step S4 of the 
mu l tiaxis multi-axis control program MAC so as to obta i n tho . This produces 
expressions showingf or the velocity, the acceleration and the ier k ooncorning , applied 
as inputs to each control axis. 

[0042] The individual axis command producing portion 26 obtains the velocity, the 
acceleration and the jerk of each axis for a given point in an optional time from the 
obtained expressions showing the velocity, the acceleration and the jerk concerning 
each control axis at step S5 of the mu l tiax i s multi-axis control program MAC so as to^ 
and uses these values in determining the output to the axis control portion 27 as 27, 
namelv position command Dn, velocity command Os. acceleration command Ps (or 
power command) and jerk command Vs- Since the nominai v elocitv. the-acceleration 
and-the jerk at an optional time in future can be obtained in advanc e bv mathematical 
computation , it is sufficient for the axis control portion 27 of each axis to control each 
axis only so as to make the to correct if necessary to obtain such velocity, the 
acceleration and the-jerk values, egual to values that can be obtained in advance 
mfor each sampling time m These values can be predicted for a future moment in 
time (preview control). The nin this way , correct control with no time delay is possible. 
Th e r e fore, its The transfer function G(S) un li m i t e div approx i mat e s to 1 of the control 
approaches unity as shown in step S6 and the expression (A4) , and then, correct . 
Correct machining is made possible, w ithout shaee the introduction of shaping error 
is possib le bv the control . It is also possible vary from this, however, such as to give 
a velocity override command OC to the individual axis command producing portion 26. 

[0043] The axis control portion 27 of each axis Sn executes axis sen/o control through 
the power control portion 35 for controlling electric power of a motor M concerning the 
axis Sn, using the received position command Dn, the velocity command Os, the 
acceleration command % (or power command) and the jerk command Ys in such a 
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manner that position control on the basis of the position command Dn is performed by a 
position loop 30, velocity control on the basis of the velocity command Os is performed 
by a velocity loop 31, acceleration control on the basis of the acceleration command Ps 
is performed by an acceleration loop 32, and jerk control on the basis of the jerk 
command Vs is performed by a jerk loop 33. 

[0044] As mentioned before, the relative positional relation between the top end of the 
torch 76 of the laser beam machine 1 and the workpiece W is three-dimensionally 
changed by performing axis servo control in each axis Sn , mov i ng the . The top end of 
the torch 7d may be moved in-a space at a constant velocity, and the workpiece W is 
three-dimensionally machined as bv the laser beam from torch 7d. so as to shape 
the workpiece according to the above-mentioned machining program PR by injecting 
l asor boam from the torch 7d . The polynomial which the moving tool locus 
approximates is expressed by time ax i s a function T with space and th etime variables. 
The position, the velocity, the acceleration and the jerk at th ea given time, including a 
time in the future i nduring the process of moving the torch^ are computed in advance 
and ar e command e d. Th e n, th e incorporated into the control commands. As a 
result, the control avoids generation of machining i rr e qular i tv irregularities owing to 
sudden change of mov i ng changes in velocity and/or mov i ng direction can b e sav e d, 
and accurat e w hile progressing along a programmed path. Accurate machining is 
possible by the torch to be controlled on the basis of the polynomial. 

[0045] Since athe track according to this embodiment is approximated by a 
polynomial on the basis of a_time axis-function in tho control system i n tho present 
ombod i ment , no position shift doos not happen owing to the contro l system, but on l y 
pos i tion sh i ft i n a pprox i mat i on of spat i a l pos i t i on command happens. When accuracy i s 
obta i n e d in this contro l syst e m, it i s suffici e nt to is introduced simply from the 
operation of the control svstem. Errors mav occur, for example, wherein the 
actual sampled spatial value or the like differs bv an error value from the desired 
value. However if an error occurs, the control of the invention, which already 
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responds to calculated values, needs only to take into account the error at the 
connmand stage into consideration. So, it is easy to control accuracy. 

[0046] An example wherein the present invention is applied to the control of tool locus 
(torch locus) on two dimensional plane is shown in FIGS. 5 and 6. When a curved line 
LIN of X-Y plane is expressed as_a tool locus as shown in FIG. 5, the curved line LIN is 
divided into a plurality of line elements Li with points Pn-1, Pn, Pn+1. . . , the curved line 
( includina or possibly a straight line) connecting these points Pn-1 , Pn, Pn+1 . . . with 
e ach oth e r is defined by a spatial polynomial expression as shown in an expression 
(B1) and an expression (B2). 

[0047] If the whole length of this curved line defined is L, the whole length L is 
expressed by an expression (B3), and the line element A Li comprising the curved line 
LIN can be defined by an expression (84). By giving a_velocity profile-o f, namelv bv 
inserting a velocity function F(t) expressed by an expression (85) hav i ng , which 
expression has time as a parameter t-en^ this cun/ed line LIN to this oxpross i on (84) 
so as to make the with expression (84) and with t he velocity expression , expressions 
fB4) and (85) e qual to e ach othor. an produce expression (86 ) is obta i nod . Then, A and 
time t can be connected with each other. 

[0048] This is substituted for the expressions (81 ) and (82) as shown in FIG. 6. 
TheR rThe time parameter type polynomial can be obtained. Thereafter, commands are 
distributed to each axis on the basis of steps S3 and S4 of the mu l t i axis multi-axis 
control program MAC, and the control in joint space allotted to each control axis-i s, are 
executed as mentioned before. 

[0049] The b e for e m e ntion e d e mbod i m e nt r e f e rs to th e cas e foregoing embodiments 
concern the example, of controlling thea laser beam machine by the numerically 
controlled machine according to the prosont invention. ButHoweyer, the prosont 
invention also can be applied to a ttanv other sort of control un i ts for mov i ng and 
contro lli no unit that similarly moves and controls an object to b e contro l l e d w ith an 
axis control in add i tion to tho contro l of tho las e r b e am machino . That is, the invention 
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is not limited to positioning controls for laser beam machines and the like . 
Furthermore, although a five axis control is discussed in the examples, f our control 
axes or less, and six control axes or more^ can be alse-controlled in addition to instead 
of the exemplary five axes control . 

[0050] The present invention is explained on the basis of the embodiment heretofore. 
The embodiments which are described in the present specification are illustrative and 
not limiting. The scope of the invention is designated by the accompanying claims and 
is not restricted by the descriptions of the specific embodiments. Accordingly, all the 
transformations and changes belonging to the claims are included in the scope of the 
present invention. 
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